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The  results  of  this  testing  indicate  a  set  of  impact 
conditions  which  are  tolerable.  The  tests  have  been  per¬ 
formed  in  sudi  a  way  as  to  hare  a  mar-awn  of  gener¬ 
ality.  The  influence  of  the  restraint  system  and  the 
helmet  arc  quantitatively  unknown  factors. ' 

There  is  considerable  indication  that  the  head  will 
present  a  problem  in  tolerance  to  impact  acceleration 
patterns  as  more  severe  exposures  are  investigated. 
There  is,  however,  no  basis  in  these  results  for  a  forecast 
of  any  probable  or  absolute  injury  level 

Preliminary  results  of  a  mathematical  analysis  hare 
been  presented,  and  the  trends  indicate  that  it  is  desir¬ 
able  to  attenuate  high-frrqnency  components  of  the  ac¬ 
celeration  pulse  in  impair  protection. 

The  power  density  spectrum  of  tl»c  input  aerdera- 
tions  liare  been  presented  and  discussed  as  a  method 
of  approadiing  the  problem  of  determining  the  toler¬ 
ability  of  an  arbitrary  acceleration  pattern. 
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Human  Response  to  Several  Impact  Acceleration 
Orientations  and  Patterns 
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THE  i:\  AI.UATIOX  of  human  responses  to  abrupt 
accelerations  under  controlled  experimental  condi¬ 


tions  has  been  almost  entirely  limited  to  studies  involv- 
exposure  of  subjects  to  forward  ( -f-»t.x ),  backward 
*“  (~ax),  headward  (—  az),  and  footward  (  -f-a/. )  acceier- 

^gjaion. 4- "•  (1  The  situations,  other  than  controlled  ex- 
jgjjA  iments,  in  which  humans  are  exposed  to  high-magni- 
abrupt  accelerations  associated  with  large  changes 
^3b<  velocity  usually  occur  under  emergency  conditions. 
In  the  case  of  emergencies  occurring  during  aerospace 
flight,  escape  front  the  parent  vehicle  usually  involves 
exposing  crewmen  to  acceleration  environments  in 
which  only  the  initial  force  ejecting  the  man  from  the 
vehicle  acts  in  a  predictable  direction.  For  most  of  the 
other  parts  of  the  sequential  acceleration  environment, 
the  direction  of  the  acceleration  vector  with  respect  to 
the  crewman  is,  at  least  to  some  extent,  uncontrolled.  In 
other  cases,  such  as  ground  landing  impact  in  closed 
capsules,  the  orientation  of  the  acceleration  sector  is 
random,  depending  on  the  direction  of  the  surface  wind. 
The  studies  mentioned  above  have  shown  that  orienta¬ 
tion  of  the  acceleration  vector  is  a  major  factor  in  de¬ 
termining  the  response  of  man  to  a  given  load,  since  the 
critical  body  structures  involved  and,  presumably,  man’s 
dynamic  response  characteristics  vary  with  the  direction 
of  the  applied  force.  Since  the  orientation  of  the  accel¬ 
eration  vector  is  variable  under  operational  conditions 
and  since  the  effects  of  acceleration  are  dependent  on 
this  orientation,  the  National  Aeronautics  and  Space  Ad¬ 
ministration,  Manned  Spacecraft  Center  (NASA-MSC), 
and  the  Aerospace  Medical  Research  Laboratories 
(AMRL)  have  begun  a  jointly  sponsored  research  ef¬ 
fort  to  systematically  explore  the  effect  of  variations  of 
orientation  and  acceleration  pattern  on  the  response  of 
man  to  abrupt  acceleration.  Seventy-five  experiments 
in  pursuit  of  this  problem  are  reported  here. 

In  these  experiments,  the  subject,  wearing  the  Mer¬ 
cury  pressure  suit  helmet,  was  placed  in  a  rigid  ve¬ 
hicle  in  a  sitting  position,  restrained  with  a  non-ox- 
tensihlc  chest  and  pelvic  harness,  and  exposed  to  six 
deceleration  profiles  in  seven  orientations.  In  the  six- 
acceleration  profiles  peak  G  ranged  from  3  to  26  G 
units,  impact  velocity  ranged  from  5  to  28  feet  per 
second,  and  onset  ranged  from  200  to  2000  G  units 
per  second.  The  seven  orientations  contained  forward, 
upward,  right  and  loft  components  of  acceleration  and 
were  45°  apart.  The  acceleration  of  the  center  of 
gravity  of  the  vehicle,  the  force  exerted  by  the  subject 
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vehicle,  and  biomedical  c 
lorce  and  acceleration  data  from  (best 
have  been  subjected  to  considerable  liiatliemati- 
ilysis  in  order  to  abstract  the  lxxlv  dynamic  rc- 
.  Tlu*  methods  and  meaning  of  this  analysis  will 
sei i ted  briefly  and  some  preliminary  results  pre- 
und  discussed. 

METHODS 


The  laboratory  test  facility  used  in  those  experi¬ 
ments  is  the  AMRL  Vertical  Deceleration  Tower  ( Fig. 
I).  This  facility  is  a  guided  free-fall  device  with  a 
controlled  deceleration  produced  by  a  plunger  which 
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displaces  «a!fr  from  a  cv linclor.  The  entry  velocity  is 
controlled  by  the  drop  height.  The  deceleration  pattern 
is  controlled  by  the  plunger  sluin'.  The  deceleration 
pattern  (Fig.  2)  is  readily  reproduced.  A  triangular 


appiovimation  to  tlie  impact  portion  of  the  wave  form 
is  also  indicated. 

A  vehicle  was  suspended  from  three  (Fig.  3)  or 


Fit  3.  Oaxudirevtiou!  vehicle. 

four  (Fig.  a)  points  on  a  cantilever  assembly  at¬ 
tached  to  tlte  deceleration  tower  cart.  Each  suspension 
ecnncction  was  made  through  a  load  cell  which  meas¬ 
ured  the  instantaneous  force  al  dot  point.  The  vertical 


axis  of  tlte  center  of  gravity  for  each  orientation  of  each 
vehicle  was  determined  fcv  static  measurements  and 
mi  accelerometer  was  mounted  on  this  axis. 

The  physical  instrumentation  system  uses  iltc  acceler¬ 
ometers  and  load  cells  ntentioned  above  as  transducers. 
These  are  excited  by  carrier  wave  amplifiers  whose  out¬ 
puts  arc  fed  to  galvanometer  driven  which  activate  both 
light  galvanometers  in  ar>  oscillograph  and  a  frequency 
modulated  magnetic  tape  recorder.  System  tests  indicate 
a  frequency  response  flat  (within  5  per  cent)  to  200 
cycles  per  second  and  a  static  and  dynamic  accuracy  of 
5  per  cent.7 

The  biomedical  instrumentation  system  uses  a  San¬ 
born  150  series  six-channel  hot-pen  recorder  for  rite 
electrocardiogram  and  respiration.  A  standard  clinical 
five-lead  electrode  system  is  used  for  the  electrocardi¬ 
ogram,  and  leads  I,  AVF,  and  V2  are  monitored  con¬ 
tinuously  during  testing.  During  early  tests  the  vector¬ 
cardiogram  was  recorded  by  a  poiaroid  camera  bom 
an  oscilloscope,  but  this  recording  was  discontinued 
when  no  changes  were  noted.7 

Black  and  white  16-mm.  motion  pictures  of  each  test 
were  made  at  400  frames  per  second 

The  primary  vehicle  used  in  these  tests  is  shown  in 
Figure  3.  This  omnidirectional  vehicle  was  designed  to 
fit  5th  to  95th  percentile  subjects.  The  structure,  exclu¬ 
sive  of  suspension,  has  a  bade  angle  of  0°,  a  thigh-to- 
torso  angle  of  7S°,  and  a  variable  thigb-to-leg  angle 
with  a  mean  of  78°.  It  is  provided  with  lateral  head 
supports.  The  suspension  of  this  vehicle  is  designed  to 
provide  infinite  variation  in  the  bad  inclination  and 
225*  increments  from  left  to  right  lateral. 
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lr<  Oio  early  stages  o:  testing,  a  body  support  fraim- 
was  designed  lor  lateral  orientation,  as  shown  in  Figure 
5. 

Tlie  restraint  system  used  is  shewn  in  Figuse  C.  Tlie 
cliest  complex  consists  of  a  clx-st  lie’:  and  two  shoulder- 
to-fiauk  belts  fastened  with  a  safety  belt  latch  intnior 
to  tin*  sternum.  Tlie  pebic  complex  consist*  «.f  a  con¬ 
tinuous  belt  on  each  side  which  starts  lietwien  the 
thiglis,  passes  through  a  slider  at  the  hip  (which  is 
fastened  to  tlie  scat  and  track),  and  connects  with  the 
otlicr  side  over  the  pubis  in  a  snap  latch.  The  leg  is  re¬ 
strained  at  the  calf  with  another  belt.  A  materials  list 
with  the  letters  referring  to  tlmsc  in  Figure  6  is  pre¬ 
sented  in  Table  I. 


TABLE  I.  MATERIALS  LIST 


I). 

r. 

F. 

G. 
II. 

I. 


3"  Tji««r  1 V  “I>acr«'"  tbMldrf 

J"  tjpc  IV  “Ibtron  *  wet*  lateral  cHrM  *iraj»* 

Safety  Ml  latch  assembly  with  iougnl  Kijwtff* 

2**  type  III  “Dacron**  web  tor*»  strap* 

Harness  adjuster 

2"  type'  Ill  “DaaW*  web  Dp  belt  awl  “Y“  tie  A**p.  Mraj»* 
1‘arachutc  harness  snap  Latch  wrhh  in  t  extra  1  adjuster* 

Bor  adjuster 

2"  type  III  *  Ibrtoo”  web  k£  straps 


Tlie  restraint  nstem  used  on  the  earlier  lateral  bods' 
support  frame  was  similar  to  tliat  described  above  ex¬ 
cept  that  an  eight-inch  vest  was  used  instead  of  a 
three-inch  belt  on  tlie  chest  and  that  die  thigh  and  lap 
belts  were  not  integrated. 

The  support  system  in  tlie  omnidirectional  vehicle 
was  the  structure  itself.  In  the  lateral  body  support 
frame  both  rigid  foam  couches  and  semi-rigid  ■'micro- 
balloon''  couches  were  rued.  In  cadi  case  the  couch 
was  molded  closely  to  tlie  body  contour  in  the  form  of 
a  lateral-body  cast  from  the  knee  ro  the  head.  The 
"microbaHoon"  couch  is  a  thin  rubber  bag  filled  with 
small  spheres.  When  the  hag  is  evacuated,  the  spheres 
form  a  semirigid  contour  because  of  the  constraint  of 
the  bag  and  friction  between  tlie  spheres.  These  couches 
were  used  in  the  initial  lateral  studies  to  aid  in  defining 
tire  problems  involved.  They  were  not  used  in  the 
omnidirectional  studies  because  of  experience  and  con¬ 
fidence  gained  from  tlie  early  -csts  and  liccausc  of  the 
desire  to  eliminate  them  as  variable  factors. 

The  Mercury  pressure  suit  helmet  was  used  in  all 
tests.  Tlie  helmet  was  used  as  design'd  in  the  lateral 
body  support  frame  tests  and  in  the  early  tests  in  the 
omnidirectional  vcludc.  For  reasons  to  he  described 
later,  tlie  helmet  was  modified  by  removing  the  ear¬ 
phones  to  achieve  a  closer  fit  with  vinyl  foam  inserts. 
Tlie  liclmct  was  initially  unrestrained,  bit  was  re¬ 
strained  during  later  tests  for  reasons  discussed  l>elmv. 

The  subject  panel  consisted  of  20  male  Air  Force  per¬ 
sonnel  Each  had  a  Class  III  flying  physical  within  the 
last  6  moolis,  x-rays  of  the  skull  and  spine,  double 
masters  electrocardiogram,  routine  urinalysis  and  de¬ 
tailed  neurological  examination.  Immediately'  before 
and  after  each  test,  lie  subject  was  given  a  cursory 
neurological  examination  and  the  blood  pressure  was 
taken,  immediately  post-test  tin-  subject  was  asked  tlie 
following  questions. 

( t )  \\1iat  an-  vonr  general  comments  alum!  tin-  lest? 

(21  Do  yon  have  any  pain? 


Did  you  base  any  particular  problems  with  any 
part  of  your  equipment? 

(I)  Did  you  'sotse"  any  particular  motion  within  or 
about  yourself? 

<S)  How  do  you  compart-  this  test  with  your  previous 
experience? 

(6)  Would  you  repeat  this  test  now? 

(7 )  Do  you  have  any  residual  effects  from  the  test? 
(24  hours  post-test) 

Twenty-four  hours  post -test  a  routine  urinalysis  was 
accomplished. 

Tlie  matlicmaticai  analysis  is  Iiasid  ou  the  Fourier 
Transformation.  This  teclmiijue  is  basically  an  extension 
of  Fourier  liannonic-  analysis  to  transient  situations;  tliat 
is.  tiie  force  and  acceleration  data  is  resolved  into 
corresponding  frequency  components.  Tlie  dynamic  re¬ 
sponse  information  is  derived  by  finding  the  ratio  of  the 
Fourier  Transforms  of  force  to  velocity  (derived  from 
tlie  acceleration).  This,  essentially,  means  tliat  the  rela¬ 
tionship  (phase  and  magnitude)  between  correspond¬ 
ing  frequency  components  of  force-  and  velocity  is  es¬ 
tablished.  Tlie  justification  lor  Ibis  analysis  is  the 
assumption  that  the  subject’s  dynamic  response  is  quali¬ 
tatively  similar  to  tliat  of  a  linear,  second  order,  spring- 
mass-damper  system.  Tlie  relationship  (called  meclian- 
ical  impedance)  between  force  and  velocity  in  a  linear 
median) cal  system  is  uniquely  expressed  by  ilic  trans¬ 
formation  technique  described  above,  and  tin-  im¬ 
pedance  so  defined  is  a  unique  function  of  the  spmig- 
inass-dampcr  parameters  of  the  mechanical  sysiem.’-  -• 3 

The  magnitude  cf  the  Fourier  Transform  of  (far  accel¬ 
eration  is.  in  fact,  a  representation  of  the  amounts  of  all 
frequency  components  in  the  pattern  and  is  the  square 
root  of  the  power  density  spectrum,  which  is  meaning¬ 
ful  in  terms  of  tlie  energy  input  to  a  linear  mechanical 
svstem. 
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TESTING 

Tlic  orientations  studied  luve  been  chosen  so  that 
(lie  acceleration  vectors  are  not  more  than  45°  apart. 
The  description  of  trie  orientation  refers  to  the  direction 
of  the  impact  acceleration  vector  with  respect  to  a 
coordinate  system  in  the  sitting  man.  This  coordinate 
system  has  tlie  Z  avis  parallel  to  the  spinal  axis,  the 
Y  axis  parallel  to  a  line  tlirough  the  shoulders,  and  the 
X  axis  mutually  perpendicular.  The  orientations  and 
the  coordinate  system  are  shown  in  Figure  4.  The 
designations  of  the  test  orientations  are  given  in  Table 
II  in  a  standard  spliericai  coordinate  system  notation 


TABLE  II.  ACCELERATION  ORIENTATIONS 


Vector 

Orientation 

PW 

Theta 

A 

Up  45* 

0* 

45* 

ft 

Up  45-  R*ht  45* 

315* 

45* 

C 

l*P  45*  Left  45* 

45* 

45* 

D 

Rr*ht  45* 

315- 

90* 

E 

Left  45- 

45* 

90* 

K 

Left  90* 

90- 

90* 

C 

Right  90* 

270* 

90* 

(phi,  theta)  and  in  a  modified  spherical  coordinate  sys¬ 
tem  proposed  by  XASA-MSC  which  uses  direction 
rjualifiers  with  the  angles.  In  the  latter  system  the  X-Y 
plane  is  the  origin  of  the  up-down  angles  which  vary 
from  0  to  90’.  The  X-Z  plane  is  the  origin  of  left-right 
angles  which  vary  from  0  to  ISO'".  For  analysis  purposes, 
the  standard  spherical  notation  is  somewhat  less  am¬ 
biguous. 

Considering  the  capability  limitations  of  the  vertical 


deceleration  tower,  die  acceleration  profiles  lave  been 
chosen  so  that  there  is  a  gradual  increase  in  impact 
velocity  and  peak  G.  Rise  time  was  graduated  to  the 
extent  possible.  Examples  of  the  six  sect  leracKHt  profiles 
used  are  shown  in  Figure  7. 

The  tests  conducted  are  best  described  in  tabular 
form.  Table  HI  indicates  tests  done  with  the  lateral 
body  support  frame  on  microballoon  couches,  and  Table 
1V-A  indicates  tests  done  in  the  omnidirectional  ve¬ 
hicle.  In  these  tables  Tt,  TJt  peak  G,  onset,  and  decay 


TABLE  lit.  LATERAL  VEHICLE  TESTS 


D-atc 

Drop 

Xa 

Xaat 

T, 

(b  Kf.l 

AV 

Peak 

GUms 

OtMt 

(G.'m.) 

Derry 

(Stare.) 

T* 

(m  fee.* 

Left  Lateral — Riflif  90* 

«-  *-4*  760  WS 

397 

S 

437 

42 

42 

77 

9-10-42 

761 

WS 

445 

22.75 

1044 

222 

>*» 

4* 

9-10-43 

742 

AR 

571 

1219 

437 

171 

44 

143 

9-U-eJ 

7*3 

AN* 

357 

9-15 

5.0* 

313 

70 

90 

*>-lI-42 

764 

AX 

445 

13.4 

934 

211 

3a 

31 

9-11-42 

745 

ES 

475 

14.75 

4.42 

5*3 

294 

210 

9-12-43 

744 

PS 

547 

14.4 

07 

24* 

207 

10* 

9-12-43 

747 

MS 

400 

1*-1 

097 

340 

234 

41 

9-12-43 

74* 

EX 

703 

1S.5 

93 

121 

1*1 

I0J 

9-13-42 

749 

WM 

573 

215 

113 

530 

30* 

72 

9-13-43 

770 

WS 

541 

215 

123 

397 

2*4 

4* 

9-14-43 

771 

El 

510 

21.9 

!3.9 

302 

515 

74 

9-14-43 

772 

CM 

449 

25.5 

153 

720 

445 

71 

9-17-42 

774 

MX 

534 

15.4 

143 

727 

525 

43 

9-34-42 

M4 

AR 

54* 

14.7 

15.1 

590 

795 

34 

9-24-43 

*07 

PE 

5*9 

1735 

104 

975 

755 

29 

9-24*42 

00* 

CT 

64* 

30_J 

213 

1350 

1CC9 

34 

Right  Lateral — Left  90* 
9-1743  775  LG 

r 

935 

5.43 

400 

♦2 

7$ 

9-11-42 

*74 

TE 

Jf: 

935 

531 

323 

<o 

100 

9-11-52 

777 

TE 

■J 

13.5 

024 

374 

175 

47 

9-1943 

77* 

WS 

449 

13.0 

937 

47* 

22* 

42 

9-19-43 

TT*' 

CT 

550 

13.9 

023 

200 

310 

(01 

9-23-43 

a 

PE 

42* 

1735 

937 

44i 

174 

79 

9-20-43 

7*9 

ES 

7(0 

1935 

93 

34J 

ICC 

:i7 

93043 

790 

WT 

733 

204 

ILt 

550 

u« 

:n 

*-20-*2 

791 

MS 

03 

2014 

114 

544 

7W 

V 

9-2143 

792 

EX 

644 

lOl 

143 

22* 

232 

91 

9-21-42 

793 

WM 

795 

21.9 

143 

550 

224 

92 

9-21-43 

79# 

AX 

544 

15-7 

133 

414 

434 

51 

9-24-42 

*01 

PS 

551 

143 

1*35 

7*2 

*75 

34 

9-2S-42 

002 

TE 

504 

SO! 

14.0 

*45 

7  >3 

41 

9-2S-«3 

005 

LG 

449 

190 

31  5 

1150 

1130 

37 

— 

— 
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TABLE  IV. A  OUVIDIHE'-TJUSAL  VL'iiift.E  TKsTS 


lk.»e 

Dtup 

Nmm 

Ts 

.IV 

IVxh 

(fowt 

Ihaj 

T. 

Xa 

In  kv. » 

(it.  s* c-> 

G  t'ntt 

(C  rrr.f 

lG  MT.l 

•  tli  -r 

Right  45 

12-  6^2 

9K 

LG 

590 

16.5 

14.3 

1140 

297 

65 

12-  6-62 

9f* 

WT 

622 

19.4 

17.2 

1770 

370 

62 

12-  642 

9*9 

r/t 

7  n 

42.2 

25.0 

445 

:o5o 

<,v 

12-  2-62 

-J* 

EX 

*16 

2*.l 

23.3 

!9J 

1225 

44 

12-  7-62 

95i 

K» 

t*0 

269 

266 

693 

:s«o 

w 

12-  7-62 

9^2 

4R 

922 

27? 

24.1 

12*0 

b9C 

5* 

tv  ts* 

12-16-62 

953 

IlG 

615 

•7.4 

13.5 

1075 

M 

6* 

12-10-62 

954 

655 

20.1 

lbu4 

1310 

432 

5* 

12-11-62 

955 

FE 

731 

22* 

70.4 

453 

•  luu 

69 

12-11-42 

956 

CK 

*13 

24.4 

236 

5*S 

16*0 

63 

12-12-42 

95* 

ES 

666 

260 

2C.0 

094 

1*00 

61 

12-12-62 
Left  45* 

959 

WT 

*94 

2*1 

22.1 

1190 

760 

5* 

12-1442 

960 

CM 

600 

165 

14.9 

1C7U 

241 

12-1442 

961 

RR 

635 

its 

XS 

1350 

359 

60 

12-1442 

962 

CT 

756 

222 

19.6 

470 

1070 

«* 

12-1742 

963 

EX 

<or 

23.7 

231 

555 

1340 

64 

12-1742 

*4 

MG 

*45 

25.1 

25.4 

625 

1635 

60 

12-1742 

»ro 

MS 

915 

27.6 

2U 

1330 

615 

5? 

Left  45' 

t>  45* 

12-1*42 

967 

AR 

599 

164 

166 

1950 

272 

67 

12-1*42 

95* 

TE 

642 

165 

17.2 

130 

395 

60 

12-1942 

969 

ex 

766 

222 

19.6 

42b 

*15 

71 

12-1942 

970 

LG 

*13 

£4.5 

23.4 

571 

1110 

64 

12-7942 

971 

CT 

*7* 

261 

25.5 

750 

1790 

59 

12  2V-62 

972 

FE 

725 

2J.4 

21  4 

J  3*0 

765 

56 

Right  45* 

*  Up  45* 

12-2642 

973 

Cr 

576 

ln.6 

14: 

ISSu 

259 

70 

12-2642 

974 

WL 

t:s 

163 

ICC 

1230 

3SS 

59 

12-2742 

975 

CF 

745 

22.1 

26* 

4*0 

*40 

70 

12-2742 

976 

WL 

•00 

24.0 

22.4 

573 

1370 

6J 

12-2*42 

977 

MS 

**5 

26.1 

25.9 

710 

1670 

60 

12-2*42 

97* 

RR 

920 

27.y 

22.6 

1136 

6*5 

59 

Right  90 

3-J*-63 

SOM 

LR 

591 

!5J 

J64 

957 

257 

6* 

2-1*43 

1045 

nu 

656 

17.5 

163 

2160 

355 

43 

3-1*43 

1 04b 

MO 

75* 

75.6 

17.7 

3*4 

1040 

71 

3-2243 

104/ 

EX 

*19 

252 

21-2 

493 

11*9 

68 

3-2243 

104* 

f»£ 

*74 

27.0 

22.4 

400 

1490 

62 

3-2243 
Left  y0* 

10*9 

HG 

927 

262 

23.1 

no 

57$ 

43 

3-2543 

1050 

LG 

612 

17.7 

165 

750 

240 

75 

3-2543 

1051 

LX 

643 

20.1 

174) 

1210 

360 

64 

3-26  63 

1052 

FR 

672 

i5. 5 

165 

393 

*60 

75 

3-2643 

Mi 

CT 

734 

ZU 

22.J 

490 

1160 

72 

3-2743 

1054 

MS 

*40 

266 

16* 

495 

1015 

65 

3-2743 

1055 

WL 

524 

27.5 

23.0 

1210 

535 

64 

are  the  same  as  defined  in  Figure  2.  fiv  is  the  velocity 
change  or  impact  velocity.  Tank  1V-B  shews  the  omni¬ 
directional  vehicle  tests  gathered  with  respect  to  accel¬ 
eration  profiles. 

RESULTS 

The  seven  questions  asked  of  cadi  subject  elicited  the 
pattern  and  quality  of  comments  indicated  in  Tabic  V. 

TABLE  V.  SriUETT  RESPONSES 


OrinutMl 


Arrriffjti*  IWIr  X* 

3  4 


Ratb  4>*  MM 

l>  45*  tw 

W«  45*  h 

Uh  4 y  «r  45*  «m 

45*  «f-  *y  mmc 

**kt  •0*  MOT 

Ltfl  90*  MM 


X  “58gh*  N«|"  M  nwr  «•#  Lrttwc  *  niacrv 

k  “yfifhl  toil"  Wl  rat  n  4=fi. 

*•  t'l^bixii  UttrtU  Us  *1*3 •.-**!*  MKl<  d..*-  Jacj*  tk«tUa  «i-a9Tr* 
Met  NM  jtlLUtalr  irMlaiiil  leUla.liai. 


•L  O  batter!;’  I«t  di3»elj. 

t  TomitM  fan  in  orvifnt 

f.  Tnwinrt  fan  in  unipM  dmk^<o]  Ktrrr  pin  n  nerk  |«cr  h.«r* 
l«t-tr*t.  |pM  in  xm. 

g-  Sfight  hod  fait,  -fain  xLoct  T r  •*  Ts:  Inmimt  Jotk-j»>l  -sue  tro. 

'W  |aia  at  i*iu  oi  Wl  sajnb  c  nc  24  h«tr*. 

K  Torment  foin  in  rerjpm  nmiaf  i«*  unfits. 

L  M2a  fain  ndathg  (f«wi  tight  nwinilUry  line  xt  ItrH  •<  1 1th  till  (>■ 
Wt  Six  erf*!,  tnnint. 
f-  Hfgtint;  |<mnt  anlcr  ch*«  l<!t. 

k.  MS!  fan  Uuoth  cfcot  Map  mil  fain  xl-act  1*5  «  Tl  a  m»il«nr 

J-  ***V5%5  tsorkrd  mt." 
m.  "Wind  lar<<td  «B." 
n  Sinned  right  tOm. 
tv  I^n  is  rifht  aJf. 

P  Fo  in  right  raK. 

1-  ■'Kyvlcd  rcind  OTt." 
t.  Hun  in  right  titjrnet. 

*.  "Wind  knarfcrd  ml." 

t.  Ore  fccrnarsrr  mrtrimiir  nntrartwi  J  niarc*  p"t  !fM  are!  .«r  II 
m.  irrtcjt 


Hie  complaints  listed  do  not  indicate  a  tolerance  end¬ 
point  in  any  case.  Ail  subjects  responded  in  tlx-  affirma¬ 
tive  when  asked  if  tiny  would  repeat  tlw  list.  Tliere 
was  ix»  Huiijjp  in  pupillary  nr  innieal  nH'Ms  after 

tlx-  test,  'flu*  JWHt-tl-st  llkx.ll  |HtSMIIIS  sllOUnl  lx.  <t XI- 
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TABLE  IV-B  OMNI  III  KKCTIONAL  VEHICLE  TESTS 


Ihtr 

Drop 

W 

Nine 

OtUeutke 

Ts 

liu  w  * 

AV 

<ft  see.) 

Peak 

G  l*uh« 

Onset 
<G  «ec.) 

Decay 
(C  tec.) 

Ti 

(ni  see.) 

Profile  SI 

12  o-o* 

*#46 

LG 

Ri*ht  45* 

590 

16.5 

14.2 

1140 

297 

65 

IMH.1 

*>53 

HG 

Ktmfil  up  45* 

61S 

17.4 

13.5 

1075 

29* 

62 

12  14-42 

CM 

Left  45* 

600 

16.5 

14.0 

1070 

261 

67 

12  IS  «»2 

9<»7 

AR 

\jti\  45*  up  45* 

599 

16.4 

17.6 

1050 

27 2 

67 

*2  2o-«-2 

073 

CF 

K«h(  45*  up  45* 

576 

16.6 

14.1 

11*0 

259 

70 

3-lSfcJ 

1044 

LR 

KL*ht  90* 

591 

15  8 

13.4 

957 

257 

6S 

3-25  62 

1050 

LG 

Lett  90* 

412 

17.7 

13.5 

750 

240 

75 

iTofile  S2 

12<  M2 

947 

WT 

K*ht  4<* 

*22 

19.4 

172 

1770 

370 

62 

12-10- tO 

954 

MS 

Komnl  up  45* 

655 

20.1 

164 

1310 

432 

58 

121 4  t*» 

9*1 

SR 

Lett  45* 

u25 

1*5 

16$ 

1350 

359 

60 

•2- 15-62 

06* 

TE 

L eft  4>*  up  45* 

542 

18.5 

K2 

1300 

295 

60 

1 2  26-*,2 

954 

WL 

Kj*h*  4>*  up  45* 

Cl* 

1S-3 

160 

1230 

288 

59 

3-15-63 

1045 

BM 

K«ht  90* 

626 

17.5 

163 

1160 

355 

62 

2  26  tiJ 

:9*i 

VS 

Left  50* 

443 

20.1 

17.0 

1210 

260 

64 

Profile  Zi 

12-  6-62 

929 

El 

Ri*tt  45* 

720 

2+2 

20.0 

465 

2050 

69 

12-17-&2 

955 

TE 

K.ooru  up  45* 

731 

228 

20.4 

453 

1100 

€4 

1214  e2 

962 

CT 

LeTt  45* 

756 

222 

19.6 

470 

1070 

68 

12-19-62 

969 

cr 

Left  45*  up  45* 

766 

•»>•» 

19.4 

426 

815 

71 

12-27-62 

975 

CF 

R«*fet  45*  up  45* 

745 

22.1 

20.6 

480 

*60 

70 

1046 

MO 

R-Jfbt  90* 

75* 

21.6 

17.» 

236 

!«0 

71 

3*6-42 

1052 

FR 

Left  90* 

672 

23.4 

165 

293 

840 

75 

lYofile  £4 

12-  7-62 

9>0 

EX 

Riekt  45* 

815 

24.5 

22.2 

590 

1225 

64 

12-11-62 

956 

CK 

F«mr>!  up  >!* 

*13 

24.4 

228 

St* 

1640 

62 

12-17-62 

962 

EX 

Left  45* 

86> 

23.7 

22.; 

$55 

1466 

64 

12-19-62 

97C 

LG 

Left  45*  up  45* 

813 

24.5 

22.4 

571 

1110 

64 

12-27-62 

976 

WL 

R**kt  4>*  up  45* 

*09 

24.0 

22.6 

573 

2170 

62 

J-22-fcl 

1C47 

EX 

Ritht  90* 

819 

25_* 

212 

493 

1180 

68 

2-26-63 

1053 

CF 

Left  90* 

734 

27.1 

22.1 

490 

1160 

72 

Profile 

12-  7-62 

9S1 

PS 

RjfCB*  45* 

e*o 

26.9 

264 

593 

1550 

60 

12-12-62 

*J1 

ES 

Fteui'J  >c  45* 

*66 

260 

260 

694 

1800 

6! 

!  2-27-62 

96* 

nc 

Left  45* 

845 

25.1 

25.4 

625 

1625 

60 

12  29-62 

971 

CT 

Lot  45*  up  45* 

*7* 

261 

25.5 

750 

1700 

59 

12-25-62 

377 

MX 

Kxht  45*  up  45* 

SS5 

2T.1 

25.9 

710 

1670 

60 

2-22  6 J 

1045 

PE 

Rurfct  90* 

874 

27.0 

22.4 

€00 

1470 

62 

2-27-63 

1054 

MS 

Left  90* 

840 

22.6 

1*8 

495 

1015 

65 

IV^lc  S* 

12-  --62 

952 

AR 

Hick*  45* 

9 22 

77.8 

24.1 

1270 

690 

58 

12-12-62 

959 

WT 

Ftowrd  up  45* 

894 

2*1 

22.1 

no? 

760 

55 

1M7-52 

965 

MS 

Left  45* 

915 

27.6 

^2.3 

1220 

615 

58 

12-20-62 

972 

PE 

Left  45*  up  -*5“ 

925 

27.4 

21.4 

12*0 

765 

56 

12*25-62 

97* 

RR 

R«fct  45*  «P  4!* 

920 

27.S 

22.6 

1120 

685 

59 

2-22-62 

1*4* 

HG 

R«M  90* 

927 

262 

22.1 

980 

57* 

62 

3  27-vS 

1055 

WL 

Left  90* 

924 

27.5 

72.0 

2210 

535 

64 

sistcnt  change.  Urinalysis  post-test  showed  nothing  re-  uo  objective  distinction  between  the  microbaDoon  and 
markable.  rigid  couches.  The  subjects  preferred  the  rigid  couches, 

The  electrocardiogram  showed  remarkable  events  but  gate  no  dear  reasons.  The  major  factor  noted  in  die 
only  on  the  following  four  tests.  high-speed  film  was  the  large  displacements  of  the  head 

1)51  Four  premature  ventricular  contractions  one  within  the  helmet  and  of  the  helmet  itself.  For  a  variety 

minute  post-test,  abrupt  rhythm  changes  (  Av  of  reasons,  including  muscle  tension,  the  helmet,  when 

26.9  ft.sec.,  peak  C  26.6  units,  enset  693  C  unrestrained,  lifted  away  from  the  vehicle  during  free 
units/sec.)  fall  and,  consequently,  received  on  impact  a  deedcr- 

965  Heart  rate  immediately  j  rior  to  impact  116/-  ation  substantially  different  from  that  programmed.  Tliis 

min.— heart  rate,  immediately  post-test  36/min.—  was  particularly  hazardous  in  that  the  irregular  surface 

returned  to  116/min.  in  5  seconds  (  Av  27.6  of  the  helmet  was  prone  to  pivot  around  the  lateral 

ft./sec.,  peak  23.3  units,  onset  1330  C  units/-  head  supports.  Because  of  this,  a  two-inch  Dacron  web 

see.)  belt  was  employed  early  in  the  lateral  tests  to  restrain 

974  Two  premature  ventricular  contractions  three  the  helmet  shcIL  The  six-size  linear  system  employed 
minutes  after  test  ( Av  18,3  ft.  sec..  peak  G  16.0  in  the  hdmet,  even  with  an  optimal  fit,  does  not  achieve 
units,  onset  1230  G  units/scc.)  a  coupling  between  head,  liner,  and  shell  which  is  dc- 

1055  Premature  ventricular  contractions  11  see.  pro-  sirablc  for  impact  accelerations.  This  is  manifested  by- 

test  and  2  min.  post-test  (  av  273  ft./sec.,  peak  a  rotation  of  the  licad  in  the  liner  and  a  rotation  of  the 
C  23  units,  onset  1210  C-sec.)  liner  in  the  shelL  From  the  fibn  data  it  was  concluded 

Analysis  of  the  high-speed  film  data  indicates,  in  gen-  that  this  displacement  was  primarily  due  to  lack  of 

ctal,  good  restraint  of  the  torso  in  all  teats.  It  is  not  support  in  the  earphone  area.  The  earphones  were  re- 

possible  to  quantify  tin.-  <-ffce*  of  the  restraint  system  moved  ami  vinyl  foam  inserts  siilwtilutcd  sufficient  to 

as  opposed  to  tliat  of  the  support  system.  There  was  achieve  a  contact  fit  in  this  area  during  anil  after  tin-  3rd 
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test  in  the  left  45°  orientation.  Hus  modification  sub¬ 
stantially  decreased  ait  degrees  of  head  displacement 
and  prompted  favorable  comments  from  the  subjects. 
The  restrained  helmet  caused  some  limitation  of  mo¬ 
tion  of  the  head  in  the  spina]  axis.  From  the  displace¬ 
ments  seen  in  the  highspeed  film  data,  it  can  be  con¬ 
cluded  that  such  limitation  is  not  desirable  because  it 
causes  an  exaggerated  nod  of  the  h.-ad  within  the  hel¬ 
met.  This  discission  is  based  on  ouc  hand  on  die  gen¬ 
eral  principle  that  preventing  displacement  prevents 
power  absorption  and  on  the  other  hand  on  the  assump¬ 
tion  that  motion  of  die  head  relative  to  the  body  is 
undesirable  because  of  the  stress  it  imposes  on  the 
vertebrae. 

The  powei  density  spectra  of  the  six  acceleration  pro¬ 
files  ate  presented  in  Figure  8.  According  to  the  pre- 


Fie.  8-  Pmrer  density  spectra. 


Fig-  9.  Mrctunk-a)  mptenr  analysis. 
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vious  discussion,  the  jiowcr  density  spectrum  is  a 
representation  of  die  amounts  of  all  frequency  compo¬ 
nents  present  in  die  input,  it  also  lias  considerable  gen¬ 
erality  in  tiiat  tunc  patterns  which  may  lie  vastly 
different  can  itave  the  same  amount  of  various  fre¬ 
quency  components  and,  consequently,  the  same  [lower 
density  spectrum.  This  means  that  arhitran-  time  pat¬ 
terns  which  are  only  cppioximately  comparable  by 
means  of  fitting  with  triangles  and  trapezoids  can  lx- 
reduced  to  die  common  denominator  of  the  posscr  dens¬ 
ity  spectrum.  In  particular,  it  is  possihle  tiiat  the  de¬ 
velopment  of  tolerability  standards  in  terms  of  posver 
density  spectra,  such  as  reported  here,  may  eventually 
enable  die  characterization  of  an  arbitrary  acceleration 
pattern  with  regard  to  tolerability  by  the  process  of 
finding  its  power  density  spectrum  and  comparing  it 
to  the  standards. 

A  typical  analysis  result  is  sliossn  in  Figure  9.  This 
figure  contains  plots  of  the  magnitude  of  the  Fourier 
Transforms  of  acceleration,  impedance  (natural  loga¬ 
rithm),  and  the  impedance  (natural  logarithm)  of  a 
mass  equivalent  to  the  subject.  The  pliasc  angle  of  the 
impedance  b  also  plotted.  The  abscissa  is  a  logaridunic 
frequency  scale. 

Although  tlx-  results  of  this  analysis  arc  preliminary 
and  extensive  verification  lias  not  been  completed,  sev¬ 
eral  trends  have  emerged.  Tlie  impedance  magnitude 
deviates  slightly  from  the  impedance  magnitude  of  an 
equivalent  mass.  The  phase  angle  of  the  impedance  also 
deviates  slightly  from  90\  particularly  at  the  resonances 
specified  below,  again  indicating  tiiat  die  mass  lias 
predominated.  Broad,  low  resonances  occur  at  approxi¬ 
mately  85, 55, 7-2,  and  11.7  cycles  per  second.  Tlicrc  b 
no  poss  distinction  in  the  impedance  magnitude  nor 
in  the  phase  angle  among  die  various  orientations 
studied. 

These  results  indicate  that  the  subject  impedance 
increases  approximately  linearly  with  frequency  up  to 
about  35  cydcs  per  second.  This  analysis  is  not  valid 
beyond  thb  point  because  the  velocity  pulse  docs  not 
contain  significant  components  beyond  35  cps.  These 
results  mean  that  for  a  given  magnitude  of  acceleration 
input,  the  subject  will  absorb  more  power  from  the 
higher  frequency  components.  In  fact,  since  the  pliasc 
angle  b  dose  to  90°,  the  subject  has  not  dissipated  very 
much  power  but  most  of  that  which  b  dissipated  b  at 
the  higher  frequencies.  Therefore,  on  thb  basis  it  may 
he  said  that  it  b  desirable  in  impact  protection  to  at¬ 
tenuate  high-frequency  components  of  the  acceleration 
pulse. 

SUMMARY 

Tlic  results  of  thb  testing  indicate  a  set  of  impact 
conditions  which  are  tolerable.  Tlic  tests  liave  been  per¬ 
formed  in  such  a  way  as  to  have  a  maximum  of  gener¬ 
ality.  The  influence  of  the  restraint  system  and  the 
helmet  are  quantitatively  unknown  factors. 

Tlierc  b  considerable  indication  that  the  head  will 
present  a  problem  in  tolerance  to  impact  acceleration 
patterns  as  more  severe  exposures  are  investigated. 
Tliere  b,  however,  no  liasis  in  tlx-se  results  for  a  fore-cast 
of  any  probable  or  absolute  injury  level. 


HUMAN  RESPONSE  TO  SEVERAL  IMPACT  ACCELERATION  ORIENTATIONS  AND  PATTERNS- V'K IS  ET  AL 


Preliminary  results  of  a  mathematical  analysis  haye 
been  presented,  and  the  trends  indicate  tliat  it#is  desir¬ 
able  to  attenuate  high-frequency  components  of  the  ae- 
celerarion  pulse  in  impact  protection. 

The  power  density  spectrum  of  the  input  act  ‘’  .'ra¬ 
tions  have  been  presented  and  discussed  as  a  method 
of  approaching  the  problem  of  determining  the  toler¬ 
ability  of  an  arbitrary'  acceleration  pattern. 
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